The paper presents the results of statistical analyses of σ and β real convergence processes of selected macroeconomic variables at the level of districts in Podkarpackie Province. The study comprises the data on unemployment rates, real gross wages, business investments per capita and gross industrial production sold per capita in the period 2002-2011 obtained from the Bank of Local Data in Central Statistical Office. Moreover, the taxonomic indicator of development for Podkarpackie Province was calculated and also subjected to statistical analysis. The main purpose of the study is to verify the hypothesis on the existence of the convergence of the analysed variables and the taxonomic indicator of development, calculated at the level of the districts in Podkarpacie. Σ-convergence analysis was based on the indicators of the spatial variation of the above mentioned variables, i.e.: maximum, minimum, the ratio of maximum/minimum, the coefficients of variation based on the quartile deviation (V Q ), the standard deviation (V S ) and the average deviation (V d ).
INTRODUCTION
Convergence effect, not only in theoretical considerations but also empirical studies is defined as a process in which different initial values of basic macroeconomic variables at the level of countries, regions and sub-regions become equal 2 . Therefore, this notion refers to the convergence of the ratios typical of economic development, i.e., growth rate and the level of GDP per capita, production sold and investment, however, also other variables can be analysed, e.g., the ones concerning labour market, such as average real gross wages or unemployment rates.
Owing to the determination of the process of real convergence it is possible to answer the question whether countries, regions or subregions that substantially differ in the initial levels of the analysed variables, widen or narrow the development gap between them. The narrowing of a development gap between, e.g., regions or sub-regions, measured using appropriate macroeconomic indexes, denotes the existence of the process of real convergence. Accordingly, the increase in development variations between countries, regions or subregions signifies the process of real divergence 3 . Therefore, the main purpose of the present paper is an attempt to statistically analyse the processes of σ-and β-real convergence/divergence of the selected macroeconomic variables at the level of districts in Podkarpackie Province. The analysis was conducted on the basis of the statistical data relating to district registered unemployment rates, real gross wages, business investments per capita and industrial production sold per capita 4 for 2002-2011, which are available on the official website of Central Statistical Office (CSO) (www.stat.gov.pl). Moreover, on the basis of the analysed variables, there was calculated a taxonomic indicator, which is a geometric mean of two indicators: ED (taxonomic distance indicator in Euclidean space) and RD (taxonomic distance indicator in rectilinear space), which was also analysed in terms of convergence/divergence.
The present paper is divided into a few sections. Section 2 describes theoretical aspects of the processes of σ-and β-real convergence/divergence of macroeconomic variables. Section 3 comprises the analyses of the intraregional variation of the above mentioned macroeconomic variables in Podkarpackie Province and also the process of σ-convergence/divergence. In section 4 there are included the estimations of the parameters of convergence/divergence equations for the variables analysed in the paper. This part is followed by a summarising section which also contains conclusions.
METHODS OF CONVERGENCE/DIVERGENCE ANALYSIS
In the majority of the analyses of the process of β-convergence, the starting point is the equation of the increase in the labour efficiency ratio that ensues from the model proposed by R.M. Solow [1956] , which reads as follows: ln(y it /y i0 ) = α -(1 -e -βt ) · ln(y i0 ) + ξ it (1) where, y i0 -the level of product per worker (or other macroeconomic variable, e.g., GDP or production sold) in i-region, subregion in the initial period; y it -the level of product per worker in t-period; α -a constant; ξ it -random component describing random shocks in iregion, subregion in i-period.
In equation (1), parameter β determines the rate of unconditional (absolute) convergence, which informs about the percentage of the distance a country, region or subregion covers towards achieving steady state within one period, e.g., over a year. β parameter is calculated by the method of non-linear least squares or estimated by the method of least squares (LS). Subsequently, the speed of β-convergence is calculated using the following equation:
). Frequently, due to the shortcomings of the above mentioned estimation methods for panel data, generalized method of moments (hereafter: GMM) is applied.
To fully describe the process of β-convergence a few equations of convergence describing the relationship between the growth rate of regional GDP per capita in t-year and the value of this variable in the previous year (t -1) were used.
Basing on equation (1) the equation of 'pure convergence' can be determined; in the literature it is also called Barro's equation which reads as follows 5 :
∆ ln(y it ) = α 0 +β ln(y it-1 ) (2) where: y it -the value of, e.g., real production sold per capita in i-district (where i = 1,2,…25) in t-year or other macroeconomic variable analysed in the paper, ∆ln(y it ) -growth rate of the production sold per capita in i-district, α 0 -a constant with no direct economic interpretation, β -parameter explaining the influence of the value of production sold per capita from the previous year on the growth rate of this variable in t-year.
Therefore, negative value of β parameter estimated in equation (2) signifies the existence of β-convergence, or else, that the district with lower level of, e.g., production sold per capita develops quicker than the districts with higher production sold per capita, irrespective of the values of the remaining economic quantities. Positive value of β parameter implies the existence of β-divergence. When β-parameter equals zero, there is no correlation between the growth rate and the initial level of a given macroeconomic variable.
In the case of the analyses of β -convergence of the registered unemployment rates, the correlation between the changes of the unemployment rate in t-year and the unemployment rate in the previous year is described with the following equation of convergence/divergence:
where u it denotes the unemployment rate in i-district in t-year.
Furthermore, equations (2 and 3) were extended using the procedure based on fixed effects, i.e., variation of arbitrary constants. The use of this procedure enabled taking into account spatial heterogeneity of the analysed macroeconomic variables, as well as achieving the results which were closer to the estimations of conditional convergence 6 . Hence, equation (2) where: d j -dummy variable for j non-base district. Equation (3) has the form:
It is worth emphasising that whereas α 0 parameter in equations (4 and 5) is a constant only for the base district, the estimated ϕ j parameters allows the determination of the number of which the growth rate ceteris paribus of the analysed macroeconomic variable in a given district in Podkarpackie Province was higher (lower) than in the base district if it had similar values of macroeconomic variables to those of the base district.
Moreover, on the basis of the above equations one can attempt the determination of long-term theoretical values of the variables being analysed. For this purpose, it has to be assumed that in equation (2) it t y x ln = , hence the equation has the form:
Equation (6) can be transformed into: (3), referring to the growth in unemployment rate, can be transformed as follows:
Equation (11) is analogous to equation (6), thus long-period theoretical value of unemployment rate equals
Equations (2-5) were estimated using generalized method of moments (GMM).
The hypothesis on σ-convergence in the groups of the examined regions was verified using measures of relative variation, i.e., the coefficients of variation based on standard deviation (V S ), quartile deviation (V Q ) and the average deviation (V d ) 7 . Therefore, what ensues from the values of these coefficients declining over time is the existence of σ-convergence, whereas from the increasing ones -deepening disproportions between regions, i.e., σ-divergence. It is worth emphasising that to examine longer time series also the σ-convergence approach is applied, which is based on the equation of σ-convergence regression 8 . However, owing to a relatively short period of analysis, i.e., 2002-2011 (ten periods), in the examination of σ-convergence only the coefficients of variation (V S , V Q i and V d ) were applied. Source: self-estimations on the basis of CSO's data from www.stat.gov.pl
SPATIAL VARIATION OF MACROECONOMIC VARIABLES AT THE LEVEL OF DISTRICTS IN PODKARPACKIE PROVINCE
• While comparing the maximum-minimum wages ratio, one can conclude that the maximum values of this variable were increasing slightly faster than its minimum levels, which ensues from the fact that this coefficient was characterised by a slight growth tendency. Therefore, it can imply that this variable is influenced by real σ- The
real gross wages, it transpires that even though these coefficients in 2011 were at a similar or somewhat higher level than in 2002, this growth was almost imperceptible, as, depending on the method of estimating the coefficient of variation, it amounted to about 0,01. Source: self-estimations on the basis of the data from www.stat.gov.pl.
• While analysing the maximum-minimum wages ratio, it can be observed that in Podkarpackie Province it ranged from 1,3 (2002) to 1,38 (2009) as well as that it was one of the lowest levels of this coefficient amidst Polish provinces. It signifies that the average maximum gross wages were only from 30 to 38% higher than the average minimum wages.
• Among Polish provinces, this coefficient was characterised by the highest spatial heterogeneity in Dolnośląskie Province, where the maximum-minimum wages ratio was included in the range from ~2 to 2,5 throughout the entire period of the analysis.
• While considering spatial variation of registered unemployment rates, one can reach the conclusion that this variable was more spatially varied than average real gross wages. The maximum unemployment rates were recorded in the districts: Bieszczadzki district. A model-district is such an object which would be characterised by the maximum value of every stimulant (from the ones included in taxonomical analysis) and the minimum value of every destimulant 10 . For this purpose, the following simple taxonomic procedure was applied 11 : I.
The set of stimulants and destimulants was determined. In this set, the stimulants of economic development are the previously analysed: industrial production sold per capita, business investments per capita, real gross wages, and the destimulantunemployment rate. II. Destimulant was transformed into stimulant estimating its inverse. III. The stimulants obtained in that way (industrial production sold per capita, business investments per capita, real gross wages, and the inverse of unemployment rate) were standardised using the equation:
where the indexes: i refer to districts, j -simulants, t -years; x ijt is the value of jsimulant in i-district in t-year. Standardised simulants s ijt , determined by equation (12) (13) and also in rectilinear space: 10 In taxonomic analyses a stimulant is considered to be a variable the high value of which signifies a desired level of the examined phenomenon, whereas a destimulant is a feature the high value of which describes undesirable level of a given phenomenon. Thus, a stimulant of economic development of the provinces are, e.g., wages, and a destimulant -unemployment rate. 11 This type of the coefficients of taxonomic development of provinces and/or districts were used in (13) or (14) equalled 0, a given district would be characterised by a maximum value of every of the examined stimulants. The higher the value of this indicator, the lower the level of economic development of a given province. V. Subsequently, the indicators (13-14) -in order to obtain one, synthetic indicatorwere averaged using geometric mean, and the data concerning the variation of the obtained indicator have been presented in table 2. It ensues from the data presented in table 2 that the most economically developed district in Podkarpackie Province was Rzeszów District, for which the calculated taxonomic indicator was the lowest and ranged between 0,68 (2008) and 0,73 (2002) (2003) (2004) (2005) . The least developed districts of Podkarpackie Province as regards the estimated taxonomic indicator were Niżański, Przemyski and Strzyżowski.
INTRAREGIONAL β-CONVERGENCE

OF THE SELECTED MACROECONOMIC VARIABLES IN PODKARPACKIE PROVINCE
The main purpose of the present paper is the attempt to determine whether in Podkarpackie Province there is intraregional real β-convergence or divergence of the analysed variables, i.e.: registered unemployment rates, real gross wages, business investments per capita, industrial production sold per capita and also the estimated taxonomic indicator. Hence, in tables 3 and 4 there have been presented the results of the estimations of the equations (2-3) and (4-5) using generalized methods of moments (GMM). From these estimations the following conclusions of economic nature can be drawn: * -in the case of the estimations for registered unemployment rates ** -The author, as instrumental variables used: a constant, two-year-lagged explanatory variable and one-year-lagged response variable, and also dummy variables that ensue from the procedure of fixed diversification. Source: self-estimations.
• In Podkarpackie Province, real gross wages were not influenced by the effects of β-convergence or real divergence. It ensues from the fact that, although lagged explanatory variable is negative -which can indicate β-convergence, the estimations of the parameters of equation (2) with GMM transpired to be statistically insignificant. Although the estimation of equation (4) proved statistical significance of β parameter implying the effect of β-convergence, its power was very low, close to zero.
• While analysing the results of the estimated equation (3) of convergence/divergence of unemployment rates, it transpires that this variable undergoes the processes of β-convergence inside Podkarpackie Province. The rate of real convergence of registered unemployment rates in Podkarpacie was estimated at the level of 12,2%, which signifies that if in the previous year the unemployment rate increased about 1 percentage point, it would cause increase in unemployment rate of 12,2% lower (if this rate was growing) or larger decrease in in this rate (if the unemployment rate was declining). In the estimations of equation (5) with fixed effects, the convergence rate was decidedly higher and amounted to about 68%.
• On the basis of the estimated parameters of the equation of 'pure' convergence/divergence there can be determined theoretical value of long-period registered unemployment rate for Podkarpackie Province, which amounted to 15% 12 . This determined theoretical long-period unemployment rate in Podkarpacie reached a high level, which appears to have resulted from the global crisis in 2008, which caused a significant growth in unemployment rates at the level of districts in Podkarpackie Province. The determined theoretical value of long-period natural unemployment rate at the level of districts for the entire Polish economy was considerably lower than in Podkarpackie Province and amounted to approx. 6% of the entire workforce, which corresponds with the theoretical estimations of natural unemployment rate for Polish economy. However, if the long-period unemployment rate is estimated from equation (5), the value of this rate is about twice lower and amounts to 7,7%, except that, due to the effect of fixed diversification in equation (5), this rate will concern Rzeszów District. Taking into consideration the values of real registered unemployment rates for Rzeszów District, it appears that the obtained level of 7,7% is overestimated of at least twothree percentage points.
• Corrected coefficient of determination (corr. R 2 ), in the case of registered unemployment rate, amounted to approx. 8% in the estimation of equation (3) and about 3% in the estimation of equation (5), which implies that lagged unemployment rate explained the variability of unemployment rates in this period 13 in about 8% (approx. 3% for equation (5)). 12 It appears justified that a long-period theoretical value of unemployment rate can be equated with a long-period natural unemployment rate. In long period, unemployment rate, according to, e.g., the concept of long-period Philips curve, should approach the level of natural unemployment rate. 13 It is worth emphasising that the aim of this type of convergence equations is not the possibly highest determination coefficient but the observation whether lagged variable statistically significantly influences the growth rate of this variable.
• Gross industrial production sold per capita was influenced by β-convergence, which is indicated by statistically significant parameters of the estimated equations (2) and (4), however, the convergence rate was higher for the estimation of equation (4) . The estimated long-period value of the investments amounted to approx. PLN 39300.
• Business investments per capita, likewise gross industrial production sold, were influenced by the process of real β-convergence, the power of which was estimated at about 7% (equation (2)) and at as much as 40% for equation (4) . It signifies that this variable was growing quicker in the districts in which it was the lowest. Basing on the estimated parameters of equation (2), there was also estimated long-period theoretical value of business investment outlays, which in Podkarpackie Province amounted to approx. PLN 3900 per year per capita.
• It ensues from the estimations of long-period theoretical values of gross industrial production sold and business investments that the rate of business investments from industrial production sold amounts to about 10%.
• The estimated parameters of convergence equations for taxonomic indicator transpired statistically insignificant in the equation of 'pure' convergence as well as in the equation with individual fixed effects.
CONCLUSION
The considerations conducted in the paper can be concluded as follows:
I.
The highest values of business investments per capita and also real gross wages in 2002-2011 were registered in Rzeszów -the capital city of the province. In the same province there was recorded one of the lowest registered unemployment rates and one of the higher levels of industrial production sold per capita. Such situation appears to be justified by the fact that the capital cities of provinces frequently become actual pole of development of a given region, contributing to a considerable extent to quicker development of the entire region, catching up with richer and more developed regions. II.
The highest unemployment rates were registered in the south of the region (Bieszczadzki, Leski and Brzozowski districts) and also in Niżański District, which, to a large extent ensues from geographical conditions, since it is hard to imagine a quick industrial development and the creation of new factories which generates new workplaces in such districts as Bieszczadzki or Leski. III.
The lowest unemployment rates were registered in big cities of this region, i.e., Rzeszów and Krosno. Interestingly, in such district cities as Tarobrzeg and Przemyśl unemployment rates were equal or even higher than the average registered unemployment rate of the entire Podkarpackie Province. IV.
Among the variables analysed in the paper, real gross wages were characterised by the lowest intraregional spatial variation. Whereas most spatially varied variables were: industrial production sold per capita and business investments per capita. Moreover, basing on the analysis of the changes in the values of the coefficients of variation neither the process of real σ-convergence nor σ-divergence can be observed.
V.
Statistical analyses of real β-convergence indicate that in the period of the analysis this process was observed only in the case of the registered unemployment rates, industrial production sold per capita and business investments per capita. However, owing to the procedure of estimation, the speeds of convergence of particular macroeconomic variables varied. The highest speed of convergence in Podkarpackie Province was observed in the case of registered unemployment rates.
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